INTRODUCTION
============

The majority of hematopoietic stem cell transplantation (HSCT) patients undergo pre-HSCT conditioning, i.e., high-dose exposure to a variety of antineoplastic drugs, often combined with radiotherapy. They are at a higher risk for undernutrition compared to general chemotherapy patients because they experience difficulty with oral ingestion due to nausea, vomiting, mucositis, and gastrointestinal dysfunction. Poor nutrition and weight loss are common contributors to cancer mortality, and parenteral nutrition (PN) is recommended when oral intake is less than 60% of the required amount of intake \[[@B1][@B2][@B3]\].

Glutamine is classified as a non-essential amino acid; however, increased demand for and insufficient endogenous synthesis of glutamine in stress and catabolic conditions, such as HSCT, can lead to its progressive deficiency. As a protein precursor and regulator of protein synthesis, glutamine is involved in various metabolic-biochemical processes and acts as an inter-organ nitrogen shuttle, playing an important role in rapid proliferation of immune and intestinal cells and providing various supportive functions. In particular, it is known to be involved in energy production, synthesis of amino acids, and regulation of cell cycle activity in intestinal mucosal cells \[[@B4][@B5][@B6][@B7][@B8]\].

The European Society for Clinical Nutrition and Metabolism (ESPEN) and the American Society for Parenteral and Enteral Nutrition (ASPEN) guidelines state that nutrition support is recommended to HSCT patients who are at a risk of malnutrition and are unable to receive enteral nutrition and are anticipated to experience starvation for a period longer than 7 to 14 days. ESPEN and ASPEN propose that "HSCT patients may benefit from glutamine-supplemented PN" (grade B) and "pharmacologic doses of parenteral glutamine may benefit patients undergoing hematopoietic cell transplantation" (grade C), respectively \[[@B1][@B3]\].

Our study was conducted to evaluate the effects of glutamine-enriched PN on weight change, infection, and complication and mortality among HSCT patients.

MATERIALS AND METHODS
=====================

Study participants and period
-----------------------------

Our study included patients aged ≥19 years, who received HSCT at the Seoul National University Bundang Hospital from August 1, 2013 to July 31, 2017. The exclusion criteria were as follows: 1) non-referral to the Nutrition Support Team (NST), 2) oral intake more than 60% of the daily caloric requirement, 3) no administration of total PN (TPN) or its discontinuation due to hepatic and/or renal failure, 4) inability to accurately assess the clinical outcome due to early death or other causes, and 5) inability to determine the response to conditioning regimens. Prior to the study, the study protocol was approved by the IRB of the Seoul National University Bundang Hospital (IRB no. B-1709-420-108). A waiver of participant consent was obtained due to the retrospective nature of our study.

Data collection and study design
--------------------------------

In a retrospective review of the patients\' electronic medical records, we collected various sets of data, including basic patient information \[age, gender, height, weight, body mass index (BMI), and duration of hospital stay\], HSCT-related information (diagnosis, source of stem cells, HLA match in allogeneic transplantation, pre-HSCT therapeutic exposure, and pre-HSCT comorbidity), amount of oral intake, duration of TPN administration, and duration of glutamine supplementation. To obtain the clinical outcomes of the patients, we collected data regarding the onset and duration of mucositis, absolute neutrophil count (ANC), microbial culture and other infection-related test results, date of graft-versus-host disease (GVHD) diagnosis, and date of death.

Patients were divided into 2 groups: the glutaminesupplemented TPN group (referred to as the "glutamine group") and the non-glutamine-supplemented TPN group ("non-glutamine group"). The minimum calorie and protein requirements specified in the ASPEN guidelines were considered as reference values for evaluating patients\' nutritional status ([Supplementary Table 1](#S1){ref-type="supplementary-material"}).

Conditioning was divided into myeloablative conditioning (MA) or non-MA conditioning depending on the intensity of the pre-HSCT conditioning regimens. Non-MA conditioning included both reduced intensity conditioning (RIC) and non-myeloablative conditioning (NMA). Although a conditioning regimen involving fludarabine/busulfan/ATG (FluBuATG) is not typically classified as MA, if the busulfan dose was ≥12.8 mg/kg then the conditioning regimen was classified as MA according to the working group definition \[[@B9]\]. Moreover, busulfan/cyclophosphamide and total body irradiation/cyclophosphamide/ATG regimen were also classified as MA.

The clinical course was evaluated using the following variables: weight change rate (days 8 and 15 of TPN), infections (clinically documented/microbiologically documented), complications (duration of mucositis, duration of neutropenia, occurrence of acute GVHD), and 100-day mortality. The weight change rate was checked on days 8 and 15 of TPN, considering the maximum health insurance coverage period of 8 days for glutamine TPN supplementation. Infection was classified into either clinically documented or microbiologically documented infection. Clinically documented infections were defined as fever associated with local inflammation, such as pneumonia, skin-infection, or cellulitis, whose microbiological pathogenesis could not be ascertained. Infectious organisms detected in cultures, even without localized inflammation ware mandatory in microbiologically documented infections \[[@B10]\]. Neutropenia was defined as an ANC under 500/µL.

Statistical analysis
--------------------

Analysis was performed using the statistical software package IBW SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). Comparisons between groups were made using an independent 2-sample *t*-test and Mann-Whitney U test for continuous variables and the chi-square test and Fisher\'s exact test for categorical variables. Additionally, logistic regression analysis (95% confidence interval) and multiple regression analysis were performed in order to adjust for the influence of glutamine administration on the occurrence of infections and complications and the 100-day mortality. Results were considered statistically significant when the *P*-value was less than 0.05.

RESULTS
=======

Characteristics of patient groups
---------------------------------

A total of 286 patients aged ≥19 years underwent HSCT at the Seoul National University Bundang Hospital from August 1, 2013 to July 31, 2017. A total of 91 patients were included in our study after excluding 167 patients who were not referred to the NST, 7 patients whose oral intake exceeded 60% of the daily caloric requirements, 10 patients who were not subjected to TPN or whose TPN administration was discontinued due to hepatic and/or renal failure, 7 patients whose clinical outcomes were not clearly documented, and 4 patients whose responses to conditioning regimens could not be identified. [Table 1](#T1){ref-type="table"} outlines the characteristics of the patient groups.

The glutamine and non-glutamine groups mostly showed similar characteristics; however, significant differences were observed in the conditioning regimen, especially in its intensity. The intensity of pre-HSCT conditioning depends on the type of chemotherapy. In particular, a high-intensity conditioning regimen involves high-dose alkylating agents or a combination of alkylating agents and radiotherapy to the extent that recovery is impossible without the injection of hematopoietic stem cells, resulting in a longer duration of neutropenia as compared with a reduced-intensity pre-HSCT conditioning regimen. Both groups showed no significant difference in disease status at the time of transplant. The number of patients who had complete remission (CR) or partial remission (PR) was 42 (95.5%) in the glutamine group and 42 (89.3%) in the non-glutamine group.

However, significant differences were observed in the conditioning regimen, especially in its intensity. The glutamine group showed a significantly higher rate of high-intensity conditioning regimen compared with the non-glutamine group. One patient was classified into the MA arm because of fludarabine/busulfan (12.8 mg)/ATG conditioning.

Nutritional supply by group
---------------------------

[Table 2](#T2){ref-type="table"} outlines the nutritional supply results expressed as the percentage of the supplied calorie and protein relative to the required amount. Calorie supplies of the glutamine and non-glutamine groups were 99.6±19.1% and 104.5±21.1% (*P*=0.249), respectively, and protein supplies were 89.2±17.3% and 85.0±16.9% (*P*=0.263), respectively. The duration of TPN for the glutamine and non-glutamine groups was 14.6±9.9 and 16.2±9.1 days, respectively. During TPN administration in the glutamine group, the duration of glutamine supplementation was 7.6±1.4 days. During this period, the glutamine group received the full daily dosage of Dipeptiven; 1 bottle (100 mL) is intended for a single use and contains 20 g of L-alanyl-L-glutamine (13.46 g of L-glutamine).

Clinical outcomes
-----------------

### Weight change rate

The day-8 weight change rates of the glutamine and non-glutamine groups were 0.74±1.5%, and 1.0±1.9%, respectively, showing no statistically significant difference (*P*=0.620). There was no significant difference between the 2 groups in the day-15 weight change rate (0.55±2.2% vs. 0.78±4.1%; *P*=0.765).

### Infection

The frequency of infection was examined in 2 types of infections: clinically documented and microbiologically documented. Clinically documented infections occurred in 36.4% of patients in the glutamine group and 51.1% of patients in the non-glutamine group. Microbiologically documented infections occurred in 20.5% of patients in the glutamine group and 25.5% of patients in the non-glutamine group. The most frequent clinically documented infection was sepsis followed by pneumonia. The most frequent isolates in microbiologically documented infection were Gram-negative bacteria such as, *Escherichia coli*. There were 3 patients with fungal infection ([Supplementary Table 2](#S2){ref-type="supplementary-material"}).

Multivariate analysis and logistic regression analysis were performed adjusting for different factors associated with infection. The effect of glutamine supplementation on infection was analyzed after adjusting for age, gender, high intensity conditioning, HSCT type, and response to pre-HSCT chemotherapy (recurrent or refractory, partial or complete remission), which were considered influential factors. Our results revealed that the glutamine group had 0.37 times lower the odds of having a clinically documented infection compared to the non-glutamine group (95% CI, 0.14--0.96; *P*=0.042). However, for microbiologically documented infections, no statistically significant difference between the 2 groups was observed (OR=0.50; 95% CI, 0.16--1.6; *P*=0.237). Odds ratio analysis of microbiologically documented infections categorized by the type of HSCT revealed that the odds of having a microbiologically documented infection was 10.69 times higher in allogeneic HSCT patients compared to that in autologous HSCT patients (95% CI, 2.14--53.36; *P*=0.004) ([Table 3](#T3){ref-type="table"}).

### Mucositis, neutropenia, and acute GVHD

The duration of mucositis in the glutamine group was 13.3±9.5 days and 10.8±7.6 days in the non-glutamine group. According to multivariate analysis, which considered age, gender, high-intensity conditioning, HSCT type, and response to pre-HSCT chemotherapy as risk factors, glutamine administration was not associated with the duration of mucositis (B=0.03, *P*=0.751). In contrast, high-intensity conditioning and allogeneic HSCT were associated with a significantly longer duration of mucositis ([Supplementary Table 3](#S3){ref-type="supplementary-material"}). The duration of neutropenia was 11.9±6.1 days in the glutamine group and 9.4±4.6 days in the non-glutamine group; no statistically significant difference between the 2 groups was observed even after adjustment for gender, high-intensity conditioning, HSCT type, and response to pre-HSCT chemotherapy (*P*=0.098). Post-HSCT development of acute GVHD occurred in 31.0% of patients in the glutamine group and 28.0% of patients in the non-glutamine group within the first 100 days of HSCT. Multivariate analysis was performed to adjust for risk factors, including age, gender, high-intensity conditioning, match or mismatch of the donor\'s and recipient\'s histocompatibility antigens, and response to pre-HSCT chemotherapy. The odds of developing GVHD was 1.38 times higher in the glutamine group compared to that in the non-glutamine group, albeit without statistical significance (95% CI, 0.36--3.74; *P*=0.649).

### 100-day mortality

The mortality rates at 100 days post-HSCT in the glutamine and non-glutamine groups were 2.1% (N=1) and 10.4% (N=5), respectively. The causes of death included septic shock (N=4), progressive disease (N=1), and stress-induced cardiomyopathy (N=1). Our multivariate analysis showed that the 100-day mortality was significantly lower in the glutamine group than that in the non-glutamine group (OR=0.078; 95% CI, 0.01--0.98; *P*=0.048) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Our study aimed to investigate the effect of glutamine-enriched TPN on HSCT patients\' body weight, infections, complications, and mortality. Our results showed that glutamine-supplemented TPN was associated with decreased rates of clinically documented infection and 100-day mortality.

Glutamine is abundantly present in the blood. Our body\'s requirement for glutamine increases under stress conditions. Glutamine is involved in nitrogen transfer and ammoniagenesis, and is a primary fuel source for enterocytes, hepatocytes, lymphocytes, and macrophages \[[@B5]\]. Enterocytes are especially sensitive to glutamine deficiency, which leads to inflammatory cytokine production and increased permeability. In a systematic review, it was reported that glutamine administration decreases mortality in critically ill patients; although animal studies have shown that glutamine supplementation reduces the degree of mucositis and bacterial translocation in the intestinal tract after chemotherapy; it remains controversial in human trials \[[@B4][@B7][@B11][@B12]\].

Our results demonstrated that there was no significant difference in the calorie and protein supply between the glutamine and non-glutamine groups during the post-HSCT convalescence period. In this context, it should be noted that glutamine was not administered to the glutamine group for the entire duration of TPN (only for 7.6 out of 14.6 days). This is due to the fact that glutamine was replaced by a different protein solution to continue TPN, because health insurance coverage for the glutamine TPN solution is limited to 8 days. In non-Korean publications that study glutamine-supplemented PN regimens, the duration of glutamine TPN ranged between 7 and 28 days, and the amount administered also varied widely from 0.2 to 0.97 g/kg \[[@B12]\]. ESPEN guidelines recommended −0.6 g/kg as an optimal level for a glutamine-supplemented PN regimen \[[@B3]\]. The patients in the glutamine group of our study received 13.46 g/d glutamine for a maximum of 8 days, and it is likely that the duration of glutamine administration or the supply amount was not long or large enough to adequately evaluate the effect of glutamine.

To evaluate the frequency of infection, several risk factors, such as age, gender, high-intensity pre-HSCT conditioning, HSCT type, and response to pre-HSCT chemotherapy (recurrent or refractory, partial or complete remission) were considered. Our results showed that the glutamine group developed infections less frequently than the non-glutamine group in general, while a statistically significant decrease was observed in the frequency of clinically documented infections. Due to the difficulty in considering various long-term infection risk factors, only short-term infection frequency could be determined (during the period between HSCT and discharge). Furthermore, the glutamine group tended to have neutropenia for a longer time, presumably because of the significantly higher rate of high-intensity conditioning in this group. Our multiple regression analysis revealed that there was no significant difference between groups.

While the duration of mucositis was not significantly influenced by glutamine supplementation, patients who were exposed to high-intensity conditioning and those who received allogeneic HSCT (vs. autologous HSCT) were more likely to develop mucositis. Even when we performed subgroup analysis for allogeneic HSCT and autologous HSCT, we found no significant difference in mucositis development by supplying glutamine. Piccirillo et al. \[[@B13]\] reported that glutamine-enriched PN decreases the severity of mucositis in autologous HSCT patients. This group conducted 2 studies, with various amounts of glutamine supplementation. In the first study, the mucositis-related pain score decreased significantly with 20 g glutamine, whereas in the second study, a decrease was observed with 13.46 g glutamine, but it was not statistically significant. However, Kuskonmaz et al. \[[@B14]\] showed that mucositis rate tended to decrease, but this result was not statistically significant.

Gama Torres et al. \[[@B15]\] reported that glutamine PN has a positive effect on short-term mortality rate in allogeneic HSCT patients and hypothesized that glutamine might act as an immunomodulator in intestinal immune cells. A previous animal model study revealed that animals that received PN with glutamine showed higher values of intestinal IgA, anti-inflammatory cytokine interleukin (IL-4), and IL-10 compared to those that did not receive PN with glutamine. Ziegler et al. \[[@B16]\] reported that glutamine supplementation is associated with improved nitrogen balance, decreased rate of clinical infections, and reduced length of hospital stay in allogeneic HSCT patients. In contrast, according to the results of Pytlik et al. \[[@B17]\] in 40 patients, the number of days of hospital stay and the rate of positive blood cultures were shown to be increased in the glutamine-supplemented group, but without statistical significance. More recently, a Cochrane systematic review reported that glutamine supplementation is not associated with a decrease in the number of days of hospital stay, mucositis, GVHD, and ANC recovery period, but decreases the rate of positive blood cultures \[[@B2][@B18]\].

Although glutamine supplementation decreased the frequency of clinically documented infections and 100-day mortality in HSCT patients, no statistically significant results were obtained regarding body weight change and duration of mucositis. The post-HSCT duration of mucositis and the duration of TPN in the glutamine group were 13 and 15 days on an average, respectively, which is much longer than the insurance coverage period for glutamine TPN solutions (8 days) and the actual duration of glutamine supplementation in our study (7.6 days on average). Because this limited period is insufficient to adequately evaluate the effect of glutamine supplementation in clinical practice, a follow-up study is necessary to evaluate clinical merit by extending the duration of glutamine administration.

Our retrospective study may have contained confounding factors that influenced the clinical outcomes. However, to reduce confounding, we considered age, gender, high-intensity pre-HSCT conditioning, HSCT type, and disease status during transplant in our analysis. Because the number of patients included in the study was relatively small, we could not perform analysis according to the type of transplant (allogeneic and autologous transplant). Nevertheless, we demonstrated that glutamine PN had a significant positive influence on post-HSCT clinically documented infections and 100-day mortality. Our study is important because it is the first study in South Korea that investigates the effect of glutamine-supplemented PN on adult HSCT patients.
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###### Characteristics of the patients.
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Data are presented as mean±SD or N (%).

^a)^Each 1 case of HLH (hemophagocytic lymphohistiocytosis), MPAL (mixed phenotype acute leukemia of T and myeloid lineages). ^b)^Busulfan/cyclophosphamide, fludarabine/busulfan (12.8 mg/kg)/ATG, total body irradiation/cyclophosphamide/ATG. ^c)^*P*\<0.05.

Abbreviation: MA, myeloablative conditioning.

###### Status of the nutritional support.
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Data are presented as mean±SD.

Abbreviation: TPN, total parenteral nutrition.

###### Infections.
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Data are presented as odds ratio (95% CI). ^a)^*P*\<0.05.

Abbreviations: BMT, bone marrow transplantation; CR, complete remission; MA, myeloablative conditioning regimen; PR, partial response.

###### Day 100 mortality.
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Data are presented as odds ratio (95% CI). ^a)^*P*\<0.05.

Abbreviations: BMT, bone marrow transplantation; CR, complete remission; MA, myeloablative conditioning regimen; PR, partial response.
